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Abstract. We present new measurements of the diffuse radio halo emission from the Coma cluster of galaxies at
2.675 GHz and 4.85 GHz using the Effelsberg 100–m telescope. After correction for the contribution from point
sources we derive the integrated flux densities for the halo source (Coma C), S2.675 GHz = (107 ± 28) mJy and
S4.85 GHz = (26 ± 12) mJy. These values verify the strong steepening of the radio spectrum of Coma C at high
frequencies. Its extent strongly depends on frequency, at 4.85 GHz it is only marginally visible. The measurement
at 4.85 GHz is the first flux density determination for Coma C at this high frequency. In order to quantify the
spectral steepening we compare the expectations for the spectrum of Coma C with the observations, resorting
to basic models for radio halo formation. The in–situ acceleration model provides the best fit to the data. From
equipartition assumptions we estimate a magnetic field strength Beq = 0.57 (1 + k)
0.26 µG in the intracluster
medium of Coma, where k is the energy ratio of the positively and negatively charged particles.
As a by–product of the 2.675 GHz observation we present a new flux density for the diffuse emission of the
extended source 1253+275 (S2.675GHz = 112 ± 10). This measurement provides a smaller error range for the
power–law fit to the spectrum (α = 1.18 ± 0.02) compared to previous investigations and yields an equipartition
magnetic field strength of Beq = 0.56 (1 + k)
0.24 µG.
Key words. clusters: individual: Coma cluster, 1253+275 – intergalactic medium
1. Introduction
The diffuse, extended radio emission of the Coma clus-
ter of galaxies (Abell cluster number 1656) was de-
tected by Large et al. (1959) and first investigated by
Willson (1970). The prominent diffuse, extended radio
source Coma C is the prototype of a cluster–wide radio
halo. It was thoroughly investigated during the past years
(e.g. Schlickeiser et al. 1987 (hereafter referred to as SST),
Kim et al. 1990, Giovannini et al. 1993, Deiss et al. 1997).
In the frequency range below 1.4 GHz there are many ob-
servations available that suggest a consistent power–law
shape of the radio spectrum. SST present measurements
of the halo source using the 100–m Effelsberg telescope1
at 2.7 GHz. They found an integrated flux density signif-
icantly below that expected from the extrapolation from
lower frequencies. The authors claim the existence of a
spectral steepening of the radio spectrum of Coma C at
Send offprint requests to: M. Thierbach, e-mail:
thierb@mpifr-bonn.mpg.de
1 The 100–m telescope at Effelsberg is operated by the Max–
Planck–Institut fu¨r Radioastronomie (MPIfR) on behalf of the
Max–Planck–Gesellschaft (MPG).
frequencies above 1 GHz. Comparing predictions of the
spectral shape of the three basic models for the radio halo
formation (primary, secondary electron model, in–situ ac-
celeration model) SST favour the latter for the Coma
cluster. Observations at 1.4 GHz by Deiss et al. (1997)
with the Effelsberg telescope show the halo emission to
be very extended. The subtraction of the contribution of
point sources from the map results in a weak, diffuse ra-
dio component extended by more than 80′ in east–western
direction, and by about 45′ north–south. The integrated
flux density of this structure fits much better to the low–
frequency part of the spectrum than to the 2.7 GHz point
obtained by SST. Deiss et al. deemed the extremely sharp
spectral break above 1.4 GHz as suggested by their own
and the SST data to be unrealistic. The authors assume
that either the 2.7 GHz map suffers from incorrect base-
lines, or that the mapped area was too small to cover the
whole halo source. The shape of the radio spectrum pro-
vides constraints on the physical background of the halo
formation. The work of Deiss et al. stimulated new sensi-
tive observations of the diffuse emission in the Coma clus-
ter at high frequencies (>1.4 GHz) in order to be able to
2 M. Thierbach et al.: The diffuse radio emission from the Coma cluster
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Fig. 1. The Coma cluster of galaxies at 2.675 GHz. NE is to the left. The lowest contour marks the 3σ level. The
polarized intensity is represented by the length of the E–vectors. Note that the cluster center (α = 12h57m, δ = 28◦12′)
does not show any significant polarization.
Table 1. Receiver parameters.
2.675GHz 4.85GHz
Number of channels 2 4
Number of horns 1 2
System temperature [K] 45 30
Bandwidth [MHz] 40 500
HPBW [′] 4.3 2.45
HPBW [′′] 258 147
derive constraints on the theory. The Effelsberg telescope
is especially powerful to detect weak, extended emission.
The Coma cluster of galaxies is located at a redshift
z = 0.0232 (Struble & Rood 1991), which implies a dis-
tance to the target of ∼90 h75
−1 Mpc and an angular scale
of ∼ 26 h75
−1 kpc/arcmin (we adopt H0=75 km/sec/Mpc
throughout the paper).
2. Observations and data analysis
The observations reported here were carried out with the
Effelsberg 100–m radio telescope between July 1998 and
May 1999. We mapped the Coma cluster of galaxies at
the frequencies of 2.675 GHz (λ11.2cm) and 4.85 GHz
(λ6.2cm). Both receiver systems are installed in the sec-
ondary focus of the telescope. Their main properties can
be found in Table 1.
We scanned the telescope in azimuth at both fre-
quencies. The three Stokes parameters I, U and Q were
recorded simultaneously. We obtained several coverages
of the cluster area. At 2.675 GHz we mapped a large
area, covering the central region and the extended source
1253+275. For the central region we added a couple of ad-
ditional coverages. At 4.85 GHz we observed the center of
the Coma cluster. The data reduction followed standard
procedures for continuum observations with the 100–m
telescope. For details of the observations consult Table 2.
Table 3 lists the calibration sources together with the
adopted parameters.
In Fig. 1 the radio map at 2.675 GHz showing the
total intensity and the polarized emission is displayed.
Fig. 2 zooms the center of the cluster. This map results
from 33 coverages of the area, yielding an rms noise of
1.1 mJy/beam. The cluster center does not show any sig-
nificant linear polarization at 2.675 GHz.
The map of the cluster at 4.85 GHz is shown in Fig. 3.
One can clearly see the polarized emission of the central
galaxies NGC 4869 (α = 12h56m56.s5, δ = 28◦10′50′′) and
NGC 4874 (α = 12h57m10.s7, δ = 28◦13′46′′). Note that no
extended emission above the 3σ level is seen. Nevertheless
the map reveals slightly extended emission at a level of
Table 2. Observational parameters. (a Integration time
per independent point)
Freq. Center of map Final Integr. rms see
α1950 β1950 map size time
a noise Fig.
[GHz] [ h m s] [ ◦ ′ ′′] [ ′ × ′] [sec] [mJy/b.a.]
2.675 12 54 40 27 55 00 150×63 11 1.32 1
2.675 12 56 57 28 10 14 59×58 33 1.10 2
4.850 12 57 30 28 20 00 90×90 8 0.67 3a
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0.67 to 1.34mJy/beam (
∧
= 1 . . . 2σ). In order to make it
visible, the central part of the map is displayed in Fig. 3b
down to zero flux. One can see extended structure around
the two central galaxies.
3. Results
3.1. Morphology
The emission at 2.675 GHz
The 2.675 GHz map shows various point sources, emission
by galaxies, extended diffuse emission in the center of the
cluster, and the extended diffuse the source 1253+275 (see
Sect. 5) southwest of the cluster center. There is no evi-
dence for the bridge of low–brightness emission detected
by Kim et al. (1989). Its intensity is obviously below the
noise level of the 2.675 GHz map.
Table 3. Properties of the calibration sources used. 3C295
and 3C309.1 were used only for total power calibration. S
stands for the flux density, P for the degree of polarization,
and ψ marks the polarization angle.
3C138 3C286 3C295 3C309.1
S P ψ S P ψ S S
[Jy] [%] [◦] [Jy] [%] [◦] [Jy] [Jy]
2.675 GHz 6.3 10.1 171 11 9.9 33 12.3 4.8
4.850 GHz 3.8 11.1 169 7.5 11.3 33 6.6 3.2
Fig. 2. The central region of the Coma cluster of galax-
ies at 2.675 GHz smoothed to a resolution of 5′ in or-
der to improve the signal–to–noise of the diffuse emission.
The dashed contour marks the zero level. The numbers
mark positions of point–like sources, taken from the list
of Kim (1994).
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Fig. 3. The Coma cluster of galaxies at 4.85 GHz. The
top panel (a) shows the complete map. The lowest contour
marks the 3σ level. The polarized intensity is represented
by the length of the E–vectors. In the lower panel (b) the
central part of the map is shown. The data are smoothed
to a resolution of 3′ in order to improve the signal–to–noise
of the diffuse emission. The dashed contour marks the zero
level. The numbers mark the positions of the point–like
sources from the list of Kim (1994).
The central structure of the cluster emission is con-
sistent with observations presented by Wielebinski (1978)
and by SST. The map reveals a couple of point sources,
mostly with low–level polarized emission. At the center
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Fig. 4. Comparison of the new 2.675 GHz map of the cen-
ter region of the Coma cluster (contours) with the 1.4 GHz
map of Deiss et al. (1997) showing the extended diffuse
halo emission (greyscale). In both maps the lowest step
marks the 1σ level. The high–frequency map is smoothed
to the 1.4 GHz beamsize (9.′35, indicated by the filled circle
in the upper right corner) after an approximate (Gaussian)
subtraction of the point–like sources. The still visible ex-
tensions are remnants of the source removal. Note, we did
not remove the two center sources. This overlay shows
clearly the smaller extent of the 2.675 GHz emission.
one finds the radiation of the two galaxies NGC 4869
and NGC 4874 convolved to an extended source by the
finite telescope beam. Diffuse emission surrounds the cen-
tral maximum out to about 20′. The highest sidelobes
of the antenna pattern appear at about 19dB at a dis-
tance of about 7.′5 from the center. Hence, this diffuse
structure around the center is not created by sidelobes.
Note that we could not apply the CLEAN algorithm (see
e.g. Klein & Mack 1995) because of the lack of a deep
antenna pattern at this frequency due to the confusion
by background sources. Comparing our map with that of
the diffuse halo emission presented by Deiss et al. (1997),
as done in Figure 4, one clearly sees the smaller exten-
sion of the diffuse emission at 2.675 GHz. Our map is
large enough to cover the whole halo source and to ensure
emission–free area for baseline fitting. Our observations
exhibit a large, frequency dependent extension of the halo
source Coma C. Such a behaviour is to be expected in
view of the spectral index map of the central region of
the Coma cluster of galaxies presented by Giovannini et
al. (1993). Those authors found an inner plateau of about
8′ radius with a spectral index α = 0.8, whereas outside
that central part α strongly steepens and reaches values
larger than 1.8. A comparison of both maps considering
the different frequencies and beamsizes and the spectral
index shows consistency of the intensity levels of the ex-
tended emission in the 2.675 GHz map with the 1.4 GHz
map.
The emission at 4.85 GHz
Figure 3b shows the central part of the Coma cluster of
galaxies at 4.85 GHz. Away from the point sources one
finds only marginally extended low–brightness emission
surrounding the two NGC–galaxies that are resolved at
this frequency. In particular, no extended emission above
the 3σ level is detected.
3.2. Integrated diffuse radio flux
In order to estimate the integrated flux of the halo we first
integrated the whole flux surrounding the center down to
the zero level using polygons. In case of the 2.675 GHz
map we included the bridges of emission towards the east
and north of the center, as seen in Fig. 2, at the thinnest
parts. We subsequently subtracted the fluxes of the point
sources lying within the integration area. We calculated
the point source flux densities on the basis of the spec-
tral indices provided by Kim (1994). For those sources
without any spectral index information we extrapolated
the flux densities based on an assumed uniform spectral
index of α = 0.8. All the extrapolated values are below
1. . .2 mJy, so that these faint sources sum up to only about
4% of the contaminating flux at 2.675 GHz, and about 5%
at 4.85 GHz, respectively. The results are summarized in
Table 4.
Table 4. Flux densities of central part of the Coma
cluster (Stot), of the point sources (Sps), and of the
diffuse component (Sdf). The errors of Stot depend on
the integration area and the uncertainty of the zero
level of the maps, those in Sps follow from the cal-
culations; the quadratic combination of both give the
error in Sdf . The point–like sources are given by the
numbers according to their positions in the list of Kim
(1994). For a text file containing these numbers see
http://www.mpifr-bonn.mpg.de/div/konti/kim.txt.
ν Stot Sps Sdf point sources
[MHz] [mJy] [mJy] [mJy] (position in Kim–list)
135 137 142 145 150 152
158 160 163 166 168 170
171 172 174 183 185 187
2675 533± 21 426 ± 18 107 ± 28
191 192 194 196 197 199
200 205 208 210 219 221
223 225
142 145 150 152 158 160
163 166 168 170 171 172
4850 256± 9 230± 8 26 ± 12
185 187 191 192 194 197
200 208 219 221 223
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Table 5. Flux densities of the central galaxies NGC 4869
and NGC 4874. SVLA4.835 is the value given by Kim (1994),
Scalc4.85 is that obtained from the spectral index given in
the same work, and SEff4.85 is the peak flux of the source
in our map. The calculations using the spectral indices,
based mainly on low–frequency data, obviously overesti-
mate the fluxes compared to the measurements. The spec-
tral indices will increase with increasing frequency.
N4869: SVLA4.835 = 97.5mJy S
calc
4.85 = 119 mJy S
Eff
4.85 = 95.0mJy
N4874: SVLA4.835 = 77.3mJy S
calc
4.85 = 83.7mJy S
Eff
4.85 = 72.8mJy
Most of the spectral indices in the Kim list are calcu-
lated based on low–frequency (<1.6 GHz) measurements.
We expect that the spectral index increases with frequency
(S ∝ ν−α), so that our calculated point source fluxes will
be overestimated. Such a behaviour is evident in case of
the two central galaxies NGC 4869 and NGC 4874 (num-
bers 187 and 194 in the Kim list). The catalog contains
4.835 GHz fluxes for both sources given by observations.
As shown in Table 5 their flux densities are much lower
than those calculated with the derived spectral indices (re-
sulting from best fits to the data). In assuming a constant
spectral index one overestimates the point source flux and
subsequently underestimates the flux density of the diffuse
component.
3.3. The spectrum of Coma C
All data available in the literature together with their ref-
erences are summarized in Table 6. In contrast to earlier
publications about the flux density of Coma C one will
not find the work by Waldthausen (1980). His 5 GHz ob-
servation of the region only covers the central part of the
cluster and was done to check the morphology of the cen-
tral sources. In particular Waldthausen did not mention
any 5 GHz flux value in his thesis. The often cited value
(<52 mJy) is Waldthausen’s 2.7 GHz upper limit for the
Coma C flux.
The resulting spectrum of the halo source Coma C is
displayed in Fig. 5. The new measurements of this work
are symbolized with filled squares. Despite the fact that
our 2.675 GHz point is slightly higher than that of SST,
the break in the spectrum, first mentioned by those au-
thors, is visible. The first 4.85 GHz observation supports
this spectral steepening. A more detailed discussion of the
spectrum will follow in the next chapter.
4. Discussion
The goal of our new observations was the inspection of
the spectrum of the halo source. Is the steepening of the
spectrum real as claimed by SST? The plot (see Fig. 5)
clearly shows a break towards high frequencies. Both, the
SST observation and our measurements yield flux densi-
Table 6. Integrated flux densities from Coma C.
References: (1) Henning (1989), (2) Hanisch & Erickson
(1980), (3) Cordey (1985), (4) Venturi et al. (1990), (5)
Kim et al. (1990), (6) Hanisch (1980), (7) Giovannini et
al. (1993), (8) Deiss et al. (1997), (9) present paper, (10)
Schlickeiser et al. (1987).
frequency flux density references
[MHz] [Jy]
30.9 49 ± 10 1
43 51 ± 13 2
73.8 17 ± 12 2
151 7.2 ± 0.8 3
326 3.81 ± 0.03 4
408 2.0 ± 0.2 5
430 2.55 ± 0.28 6
608.5 1.2 ± 0.3 7
1380 0.53 ± 0.05 5
1400 0.64 ± 0.035 8
2675 0.11 ± 0.03 9
2700 0.07 ± 0.02 10
4850 0.03 ± 0.01 9
101 102 103 104
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Fig. 5. Integrated radio continuum spectrum of the diffuse
radio halo source Coma C. The data and their references
are compiled in Table 6. The filled dots represent our new
observations.
ties below those expected from a power–law extrapolation
of the low–frequency range. In order to quantify this be-
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Table 7. List of the models for cluster halo formation and their best fits to the measurements. Except for the model
of Rephaeli (1977) the free parameters are the best values, with the 90 percent confidence errors. For the model of
Rephaeli (1977) the fit is obviously bad. In particular, the shape of the fit (hence the value of χ2) does not change for
νK > 100 GHz. The errors displayed in the table are those for the 99 percent confidence.
Model Primary electron Secondary In–situ
electron
Reference Jaffe (1977) Rephaeli (1977) Rephaeli (1979) Dennison (1980) Jaffe (1977)
Roland (1981)
Schlickeiser et al. (1987)
Predicted (
ν
νj
)
−
γ0
2
(
ν
νj
) 1−γ0
2 1+(νj/νK)
1
2
1+(ν/νK)
1
2
(
ν
νj
) 2−γ0
2 1+νj/νN
1+ν/νN
(
ν
νj
)
−
γ1
2
(
ν
νj
) 3−Γ
2
exp
(
ν
1
2
j
−ν
1
2
ν
1
2
S
)
spectrum
I(ν)/I(νj)
χ2min,red 1.83 1.47 0.98 1.83 0.83
Free γ0 = 2.69 ± 0.33 γ0 = 3.23
+0.44
−0.48 γ0 = 4.05
+0.60
−1.12 γ1 = 2.69 ± 0.33 Γ = 4.6± 0.8
parameter
νK = (0.544
+47.0
−0.539)GHz νN = (1.05
+6.54
−1.01)GHz νS = (0.44
+3.13
−0.28)GHz
haviour, we followed the same procedure as done by SST.
We have fitted the different basic models for halo source
formation to the available data points. A χ2–test identi-
fies the model that provides the best fit to the data, and
which hence has to be favoured.
In our analysis we considered the primary electron
models of Jaffe (1977) and Rephaeli (1977, 1979), the
secondary electron model of Dennison (1980) and the
in–situ acceleration model described by Jaffe (1977),
Roland (1981) and SST. Table 7 gives a summary of the
predicted spectra. The notation is identical to that used
by SST.
We normalized the data at νj = 0.43 GHz and deter-
mined the most probable values for the parameters using
the χ2 technique. Concerning the different measurements
with heterogeneous errors we used a weight for the fit of
(1 + dI/I) instead of dI2 not to overestimate the errors.
The last two rows of Table 7 display the obtained reduced
minimized χ2 (=χ2min per degree of freedom) and the cor-
responding best values for the free parameters of the mod-
els.
Fig. 6 shows the comparison of the calculations. The
models of Jaffe (1977) and Dennison (1980) yield the same
predicted spectra and are displayed in the same plot. Our
data set contains a couple of new measurements compared
to the work of SST. Hence, we obtain different values for
the free parameters, but the main conclusion is the same.
The in–situ acceleration model gives the best fit to the
available data and has to be favoured over the primary
and secondary electron models. In particular, the shape
of the spectrum reveals a steepening above frequencies of
1 GHz. This was claimed by SST and is proved by the
present work.
Physical parameters
The derived shape of the spectrum from the in–situ fit and
our map at 2.675 GHz can be used to calculate the mag-
netic field strength assuming equipartition between the en-
ergy density of the relativistic particles and the magnetic
field. We model the source as an ellipsoid with axes of the
lengths of about 770 kpc, 600 kpc and 600 kpc, yielding an
emitting volume of about 1.5×108 kpc3. A filling factor of
unity is assumed. As the spectral index we use α = 0.79,
which describes the initial power–law in the in–situ fit. In
order to avoid any underestimation of the energy of the
relativistic particles we have to use a low–frequency flux
density given by the fit (we take S20MHz=60 Jy). In or-
der to estimate the total energy we integrate the energy
spectrum of the particles from 300 MeV to infinity. This
differs from the generally used minimum–energy method
(integration over the frequency spectrum from 10 MHz to
10 GHz), but seems more appropriate (see e.g. Beck et
al. 1996). The calculation leads to an equipartition mag-
netic field of
Beq = 0.57 (1 + k)
1/(α+3) h
1/(α+3)
75 µG,
where k is the energy ratio of the positively and negatively
charged particles and α the spectral index (here 0.79). The
resulting total equipartition energy density is
utot = 2.6× 10
−14 (1 + k)2/(α+3) h
2/(α+3)
75 erg/cm
3.
Note that changing k from 1 to 100 changes Beq from
0.68 to 1.9 µG. These values are in agreement with the
equipartition estimate by Giovannini et al. (1993) as well
as with the work of Kim et al. (1990), who used rotation
measures of radio sources projected on the Coma cluster.
Nevertheless one has to keep in mind that an estimate
M. Thierbach et al.: The diffuse radio emission from the Coma cluster 7
10−2 10−1 1
frequency [GHz]
0.01
0.1
1
10
flu
x 
de
ns
ity
 [J
y]
Jaffe 77
Dennison 80
Rephaeli 77
Rephaeli 79 In−situ
α=1.35
χ2min,red=1.83
α=1.11, νK=0.54GHz
χ2min,red=1.47
α=1.03, νN=1.05GHz α=0.79, νS=0.44GHz
χ2min,red=0.83χ
2
min,red=0.98
0.1
1
10
100
flu
x 
de
ns
ity
 [J
y]
10−1 1 10
frequency [GHz]
Fig. 6. Comparison of the different models for cluster halo
formation. The diamonds symbolize the data points avail-
able in the literature (see Table 6). The best fits of the
models to the data are represented by the solid lines. The
resulting parameters for the models and the reduced min-
imized χ2 are displayed in each plot. The in–situ acceler-
ation model gives the best fit to the data.
of numbers based on the equipartition assumption only
provides order of magnitude values.
With the radio spectrum now well known, we can cal-
culate whether there is a balance between the internal
(relativistic gas) and external (thermal gas) pressure. The
latter comes from X–ray observations. The pressure of the
relativistic component is given by
Prel = (γ − 1)× Ppart + Pmag,
where Ppart and Pmag are the pressures of particles and
fields, respectively, and γ the ratio of specific heats. For
relativistic particles, γ = 4/3, hence Prel = 4/3× Pmag in
case of energy equipartition between particles and fields.
Inserting numbers, we obtain
Prel = 1.7× 10
−14 (1 + k)2/(α+3) h
2/(α+3)
75 dyn/cm
2.
The thermal gas pressure in clusters of galaxies is given
by
P (r) = P0
(
1 +
r2
r2c
)− 3β
2
where P0 = 2n0kT is the central pressure, rc is the core
radius, n0 is the central electron density, β is the ratio
of galaxy to gas temperature, and T the gas temperature
(e.g. Feretti et al. 1992). At the core radius we thus obtain
a thermal gas pressure
Pth(r = rc) = 4.0× 10
−11 h
1/2
75 dyn/cm
2
using the intracluster plasma properties in Coma as de-
rived by Briel et al. (1992):
n0 = (3.54± 0.05)× 10
−3h
1/2
75 cm
−3
T = 7.8+3.8
−1.8 keV
rc = (10.5± 0.6) arcmin
β = 0.75± 0.03.
The above calculation shows that the thermal pressure ex-
ceeds the relativistic one by a factor of about 500, even if
we allow for protons and other nuclei in the relativistic gas,
(in which case k = 100). It is thus obvious that the pool
of relativistic particles forming the radio halo is strongly
confined by the ambient thermal gas. This confinement
was already reported for tailed and low–luminosity ra-
dio sources by Morganti et al. (1988) and by Feretti et
al. (1992).
Recently, magnetic field strengths in galaxy clus-
ters have been determined by Clarke et al. (2001) us-
ing rotation measures of background sources. An av-
erage intracluster magnetic field strength of B ∼
5(ℓ/10 kpc)1/2 h
1/2
75 µG has been obtained by them, using
a simple tangled–cell model for the magnetic field with
a constant coherence length ℓ = 10 h−175 kpc. Such a high
value appears to be in conflict with what is obtained if
the extreme–ultraviolett (EUV) radiation and high en-
ergy X–ray (HEX) excess seen in Coma are due to inverse
Compton (IC) scattering of background photons (see e.g.
Enßlin & Biermann 1998). In the case of the Coma halo
this would imply magnetic field strengths of a fraction of
a µG, much lower than what is implied by the Faraday ro-
tation experiments, and also much lower than the values
we obtain from the radio synchrotron emission.
The in–situ fit provides both the spectral index of the
initial power–law and the cutoff frequency. Using the latter
(νS = 0.44 GHz) together with the determined magnetic
field, we are able to determine the lifetime of the radiating
electrons, τ = 5.1 × 107 (1 + k)−3/(2(α+3)) h
−3/(2(α+3))
75 yr,
taking into account synchrotron and inverse Compton
losses. Note that the magnetic field that is equivalent
to the cosmic microwave background radiation (BCMB =
4 (1 + z)2 µG) is much larger than the equipartition mag-
netic field, hence the energy losses via comptonization
dominate over the synchrotron losses.
5. The source 1253+275
5.1. Introduction
Our 2.675 GHz observation covers a large region of the
Coma cluster including the source 1253+275. This struc-
ture was first mentioned by Jaffe & Rudnick (1979) and
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subsequently investigated by Andernach et al. (1984) and
Giovannini et al. (1985, 1991). 1253+275 is the prototype
of a radio relic source. This kind of radio sources can be
found at the periphery of galaxy clusters, and they have
elongated shapes and often exhibit highly polarized emis-
sion. The relevant portion of the 2.675 GHz map that
contains the source 1253+275 is enlarged in Fig. 7. The
extended nature of the source is clearly visible. The map
also reveals strong polarized emission within the structure.
For the map parameters consult the first row of Table 2.
Peak flux =  9.7387E-02 JY/BEAM 
Levs = 1.320E-03 * (3, 4, 6, 9, 13, 19, 35, 67)
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Fig. 7. The source 1253+275 at 2.675 GHz. The total
power is shown in greyscale and contours, the vectors yield
the structure of the magnetic field (E–vectors rotated by
90◦). The lowest contour marks the 3σ level. The polar-
ized intensity is represented by the length of the vectors
(1′ = 6 mJy/beam). The prominent source in the south–
west corner is NGC 4789.
Since the source 1253+275 appears to lack any optical
counterpart (Andernach et al. 1984), its nature is still a
puzzle. Giovannini et al. (1985) initially deemed the clus-
ter member IC3900 to be the source of the plasma, but
later on (Giovannini et al. 1991), led by the detection of a
bridge of low brightness emission (Kim et al. 1989), they
interpreted 1253+275 as a part of the large–scale radio
emission present in the cluster–wide region of the Coma
cluster and Coma–A1367 supercluster. Enßlin et al. (1998)
favoured NGC 4789 as the possible production site of the
relativistic particles. Particles released from this galaxy
should feel the large–scale matter flow, directed towards
the Coma cluster center. At the contact surface with the
dense intracluster medium a shock should be present, thus
forcing the particles to emit detectable synchrotron radi-
ation and forming the extended radio source.
Table 8. Compilation of radio data for 1253+275. Stot
is the total flux density of the diffuse component, Spol its
polarized flux, P is the degree of polarization, and ψ the
polarization angle.
region Stot Spol P ψ
[mJy] [mJy] [%]
1253+275 entire 112± 10 29± 4 26± 4
1253+275 north 33± 2 10± 1 30± 4 56◦
1253+275 south 20± 2 8± 1 40± 6 90◦
NGC 4789 71± 7 11± 1 15± 2 140◦
5.2. Morphology
Our map of 1253+275 is in agreement with that of
Andernach et al. (1984), at the same frequency. The source
is extended for ∼800 kpc along the major axis (position
angle ∼ 135◦), perpendicular to the direction towards the
cluster center. The maximum extent along the minor axis
is ∼450 kpc. Linear polarization is seen in the northern
and southern part. Andernach et al. (1984) obtained in-
ternal and foreground rotation measures of zero, so that
rotation of the polarization vectors by 90◦ discloses the
projected orientation and structure of the magnetic field.
It can be seen in Fig. 7 that the magnetic field is aligned
parallel to the major axis of 1253+275, which fits well
into the picture of a shock in this region. Such a shock
should be directed towards the cluster center. Upstream
to the shock, the plasma is compressed and the magnetic
field is aligned perpendicular to the shock direction. The
sharp edge of the structure towards the south–west is an
additional hint at a compression of the present plasma.
5.3. Integrated diffuse radio flux
The radio flux of the diffuse emission of source 1253+275
was obtained by integrating all emission within the 3σ
level. The contribution of point sources was calculated us-
ing the source list and the spectral index values provided
by Giovannini et al. (1991). The resulting total flux of
the extended structure at 2.675 GHz (point sources sub-
tracted) is 112 ± 10 mJy. Table 8 contains the relevant
data, where the contributions have been calculated for the
northern and southern part of the source (corresponding
to regions of polarized emission at the 3σ level). The po-
larization properties are also listed.
The flux density of 1253+275 obtained by us is lower
than that of Andernach et al. (1984) if one subtracts the
same point source contribution from their number. Our
new measurement fits well to the other data available in
the literature. The spectrum of the source is plotted in
Fig. 8, with the data listed in Table 9. The best fit to the
data yields a spectral index of α = 1.18± 0.02. This is the
same result as that of Giovannini et al. (1991), though
with a smaller error.
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Fig. 8. Integrated radio continuum spectrum the extended
source 1253+275. The line symbolizes the best power–law
fit to the data, with a spectral index of α = 1.18± 0.02.
Table 9. Integrated flux densities of source 1253+275.
frequency fluxdensity reference
[MHz] [Jy]
151 3.3 ± 0.5 Cordey (1985)
326 1.40 ± 0.03 Giovannini et al. (1991)
408 0.91 ± 0.10 Ballarati (1981)
610 0.611 ± 0.05 Giovannini et al. (1991)
2675 0.112 ± 0.010 present paper
4750 0.054 ± 0.015 Andernach et al. (1984)
Using the equipartition assumption we derive
a magnetic field strength of Beq = 0.56 (1 +
k)1/(α+3) h
1/(α+3)
75 µG in 1253+275, which implies
a total energy density of utot = 2.5 × 10
−14 (1 +
k)2/(α+3) h
2/(α+3)
75 erg/cm
3. Here we use a filling factor of
1, the spectral index of α=1.18 and the flux density of
our measurement at 2.675 GHz. The emitting volume of
about 1.4×108 kpc3 results from treating the source as a
flat cylinder of height 650′′ (280 kpc, orientated towards
the cluster center) and diameter 1850′′ (800 kpc, parallel
to the major axis). Our numbers differ only slightly
from those used by Andernach (1984) and Giovannini et
al. (1991).
6. Summary
We presented new single–dish radio observations of the
Coma cluster of galaxies using the Effelsberg 100–m tele-
scope. Our investigations were focused on the diffuse ex-
tended radio sources in the cluster. The radio halo source
Coma C was observed at two frequencies (2.675 and 4.85
GHz). After subtracting the contribution of point sources
we obtained new determinations of the flux densities of
the diffuse structures. These verify the strong steepening
of the radio continuum spectrum of Coma C at frequencies
above 1 GHz, as first noticed by Schlickeiser et al. (1987).
In comparing the three basic models for radio halo forma-
tion (primary electron model, secondary electron model
and in–situ acceleration model), similar to the work done
in Schlickeiser et al., we find that the latter most proba-
bly reflects the process at work in the Coma cluster. Fits
of the models to the available data using a χ2 test yield
the best result for the in–situ acceleration model. This
describes the spectral steepening also quantitatively.
Our 2.675 GHz map is extended enough to cover the
entire diffuse emission. Our map is in good agreement
with that published by Schlickeiser et al., thus settling
a long–standing uncertainty (see the discussion of Deiss
et al. 1997). Our 4.85 GHz measurement corroborates the
spectral steepening towards high frequencies. Part of the
previous confusion results from a misquotation in a couple
of papers concerning the flux density of Coma C at 5 GHz.
The often cited Ph.D. thesis of Waldthausen (1980) does
not provide any 5 GHz flux density of Coma C. The value
of less than 52 mJy, used in the citations as the total flux
density at 5 GHz, is Waldthausen’s 2.7 GHz upper limit to
the flux density of the extended component. Our 4.85 GHz
observation provides the first firm measurement of the flux
density of Coma C at this frequency.
Based on the equipartition assumption we calculate
a field strength Beq = 0.57 (1 + k)
1/(α+3) h
1/(α+3)
75 µG,
and a total energy density of utot = 2.6 × 10
−14 (1 +
k)2/(α+3) h
2/(α+3)
75 erg/cm
3 for in Coma C.
Our 2.675 GHz map includes the region in which Kim
et al. (1989) detected a bridge of low–brightness emission.
Our map does not show any significant feature to be iden-
tified with the bridge. Its brightness is probably too low
at 2.675 GHz to be detected.
We derive a new 2.675 GHz flux density for the
source 1253+275, an extended diffuse radio relic located
at the south–western periphery of the Coma Cluster.
Using this new measurement, we calculate a spectral in-
dex of α=1.18±0.02, a value that is more accurate than
previous determinations. For 1253+275 we estimate an
equipartition magnetic field strength Beq = 0.56 (1 +
k)1/(α+3) h
1/(α+3)
75 µG and a total energy density of utot =
2.5× 10−14 (1 + k)2/(α+3) h
2/(α+3)
75 erg/cm
3.
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